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A highly luminescent disubstituted polyacetylene, poly~1-phenyl-2-p-n-butylphenylacetylene!
(PDPA-nBu), and its blend with a poorly luminescent monosubstituted polyacetylene, poly~1-
o-trimethylsilylphenylacetylene! (PPA-oSiMe3), are studied by time-resolved photoluminescence ~PL! spec-
troscopy. In pure PDPA-nBu, PL intensity at short wavelength decays faster than that at long wavelength,
whereas PL spectra exhibit a dynamic Stokes shift to longer wavelengths with time. In blends of PDPA-
nBu/PPA-oSiMe3, only PL originating from PDPA-nBu is observed, without contribution from PPA-oSiMe3.
The PL lifetime drastically decreases upon mixing a small amount of PPA-oSiMe3 in PDPA-nBu. The PL
characteristics of pure PDPA-nBu and its blend with PPA-oSiMe3 are discussed in terms of lattice/vibrational
relaxation of the excitonic state and exciton migration.I. INTRODUCTION
Conjugated polymers have attracted much attention since
quasiparticles such as solitons, polarons, and bipolarons,
which can be created by doping, photoexcitation, and elec-
tron ~or hole! injection, were found to play important roles as
free charge carriers in these materials.1 Various phenomena
unique to these materials have been successfully explained
using the concept of these quasiparticles, and many practical
applications have been proposed. Conjugated polymers with
highly extended p-electron systems in the main chains are
also called conducting polymers because they exhibit metal-
lic properties in doped states. Conjugated polymers used as
luminescent materials have been intensively studied after
Burroughes et al.2 demonstrated electroluminescence ~EL! in
poly(p-phenylenevinylene! ~PPV!, followed by other
groups3,4 employing other polymers.
In general, it has been accepted that photoluminescence
~PL! in conjugated polymers originates from radiative re-
combination of a singlet exciton, which is a direct product of
intrachain photoexcitation. The exciton is allowed to relax to
a lower energy prior to radiative recombination, through a
molecular conformational change/lattice relaxation or exci-
ton migration to a longer conjugation segment either on the
same chain or on neighboring chains, which shifts PL spec-
trum to longer wavelengths with time.5,6 In several conju-
gated polymers, PL spectra obtained from film, solution, and
solid solution of polymers can be different. These results
have been attributed to luminescence from interchain pro-
cesses, due to strong interchain interactions, such as inter-
chain excitons or excimers7,8 ~pairs in the excited state! and
aggregate states9 ~pairs in the ground state which can be
directly optically excited!.
The luminescent conjugated polymers so far studied are
mostly polymers with a nondegenerate ground state, such as
PPV and polythiophene ~PT! derivatives. On the other hand,PRB 610163-1829/2000/61~15!/10167~7!/$15.00PL studies of polymers with a degenerate ground state, that
is, polyacetylene and its derivatives, have rarely been re-
ported. In the early stage of study, trans-polyacetylene was
concluded to be a nonluminescent polymer due to fast relax-
ation of the photoexcited state into soliton pairs because of
strong electron-phonon interaction.10 However, even in
trans-polyacetylene, weak PL was reported to be observed in
the infrared region, and this has been explained in terms of
the relative energy level of the lowest excited states, 1 1Bu
and 2 1Ag excited states,11,12 but is not related to the recom-
bination of soliton pairs. That is, in general, strong PL can be
expected when the 1 1Bu excited state is located at a lower
energy than the excited state 2 1Ag . Photoexcitation studies
of trans-polyacetylene and a poorly luminescent monosubsti-
tuted polyacetylene, poly~1-o-trimethylsilylphenylacetylene!
(PPA-oSiMe3), indicated that the 2 1Ag excited state lies
below the 1 1Bu excited state.13,14 Several theoretical studies
on the electronic structure in finite and infinite polyenes ~i.e.,
trans-polyacetylene! with strong electron correlations
showed that the lowest excited state is 2 1Ag , which is asso-
ciated with either triplet-triplet pairs or soliton pairs.15,16
Therefore, it can be expected that the 2 1Ag state is the re-
laxation channel that competes with the 1 1Bu channel, de-
pending on the relative energy level between them.
Since PL is related to the nature of the lowest excited
states, it should also be possible to obtain strong lumines-
cence even in polymers with a degenerate ground state. Re-
cently, intense PL and EL have been reported in substituted
polyacetylenes, that is, poly~diphenylacetylene! ~PDPA! de-
rivatives and poly~alkylphenylacetylene! ~PAPA!.17 In gen-
eral, the introduction of side chains could lift the ground-
state degeneracy. However, the characteristic of the ground-
state degeneracy in one of PDPA derivatives, that is, poly~1-
phenyl-2-p-n-butylphenylacetylene! (PDPA-nBu), has been
recently confirmed by Gontia et al. through the observation10 167 ©2000 The American Physical Society
10 168 PRB 61RAHMAT HIDAYAT et al.of soliton formation.18 The soliton formation was identified
by the appearance of midgap band in doping-induced absorp-
tion spectra and in steady-state and transient photoinduced
absorption spectra, but the quantum efficiency of the forma-
tion is much lower than PL quantum efficiency, which was
explained in terms of the possibility of ordering the excited
state as mentioned above.
In contrast to other luminescent conjugated polymers,
these substituted polyacetylenes do not show large difference
in spectral shape between the steady-state PL spectra of the
solid film, solution and solid solution, suggesting strong ex-
citon confinement and weak interchain interaction. The lumi-
nescence characteristics and efficiencies have been found to
depend on the molecular structure of side chains, suggesting
different exciton confinement strength or different competi-
tive rate-determining processes such as nonradiative decay or
trapping by charge carriers/defects.19,20 However, exciton
dynamics in these polymers have not been investigated in
detail so far.
In this paper, we report time-resolved PL spectroscopy
applied for studying the exciton dynamics in these substi-
tuted polyacetylenes. In this work, we use PDPA-nBu, which
has a band gap of about 2.7 eV and exhibits intense green PL
peaking at 2.3 eV or Stokes-shifted by about 0.4 eV from the
absorption spectrum edge. The present experimental results
show the dependence of PL decay characteristics on the
emission wavelength and the dynamic Stokes shift to a
longer wavelength, which reflects the dynamics of exciton
relaxation to a lower energy state. For further study of the
exciton dynamics in this polymer, we use polymer blends of
PDPA-nBu with poorly luminescent PPA-oSiMe3, because
in the previous study we observed that steady-state PL of
PDPA-nBu was significantly quenched when mixed with
even a small amount of PPA-oSiMe3.21 PPA-oSiMe3 was
considered to exhibit negligible intensity of PL, but weak EL
was observed upon voltage application in the red spectral
range.
II. EXPERIMENT
The synthesis of PDPA-nBu, PAPA, and PPA-oSiMe3,
whose molecular structures are shown in Fig. 1, has been
described elsewhere.22,23 Thin films of polymers were pre-
pared by spin coating the polymer in chloroform solution
onto quartz substrates. For preparing polymer blend films,
PDPA-nBu and PPA-oSiMe3 were mixed at various molar
ratios ~the ratios of the number of moles of PPA-oSiMe3 to
that of PDPA-nBu) in chloroform and then spin coated.
FIG. 1. The molecular structures of PAPA, PDPA-nBu, and
PPA-oSiMe3.Absorption and steady-state PL spectra of the spin-coated
film were measured in vacuum using a spectrophotometer
~HP8452 or Hitachi 330! and a fluorescence spectrophotom-
eter ~Hitachi F-2000!, respectively. Time-resolved PL mea-
surements were carried out using a femtosecond ~fs! laser
system. That is, light from a cw-diode-pumped laser ~Mille-
nia, Spectra Physics! was passed through a Ti:sapphire
mode-locked laser ~Tsunami, Spectra Physics! to obtain a
laser pulse of 80 fs with pulse trains of 82 MHz, and then
frequency doubled to 400 nm by a second-harmonic-
generation unit utilizing beta-barium-borate crystals ~Fre-
quency Doubler 3985, Spectra Physics!. The laser beam has
a spot area of about 4 mm2 and energy of about 1 pJ/pulse.
The PL decay and time-resolved PL spectra were measured
simultaneously using a streak scope camera ~Streak Scope
C4334, Hamamatsu!. The time resolution of this experiment
was limited by the time resolution of about 15 ps of the
streak scope camera. The sample was set in a vacuum cham-
ber with quartz windows and all measurements were carried
out in vacuum at room temperature. The PL quantum effi-
ciency measurements were performed using the method de-
scribed by Greenham et al.,24 that is, by utilizing an integrat-
ing sphere for collecting the photons and an argon-ion laser
with a wavelength of 360 nm as the light excitation source.
III. RESULTS AND DISCUSSIONS
Figure 2 shows the absorption and steady-state PL spectra
of PDPA-nBu, PAPA, and PPA-oSiMe3 films, whereas the
inset figure shows the same spectra for PDPA-nBu in
choloroform solution. Disubstituted polyacetylenes exhibit
intense PL with a large Stokes shift: green PL with the
Stokes shift ranged from 0.3 to 0.4 eV for PDPA derivatives
and blue PL with the Stokes shift of about 0.6 eV for PAPA.
In contrast, PL of PPA-oSiMe3 could not be detected by the
same spectrophotometer with that used to measure the
steady-state PL spectra of PDPA-nBu and PAPA. Therefore,
monosubstituted polyacetylene is considered to exhibit neg-
ligible PL.
Although the molecular structure of PDPA-nBu can be
regarded to contain stilbene units, we interpret the observed
FIG. 2. The absorption and steady-state PL spectra of
PDPA-nBu, PAPA, and PPA-oSiMe3. Inset: The spectra of
PDPA-nBu solution in chloroform.
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units. We have studied PL in several PDPA derivatives with
different substituent molecules attached to the phenyl rings.
The PL intensity was found to depend on the substituents,
although the absorption spectra did not appreciably change.
Relative to PDPA-nBu, the PL intensity became weaker
when the substituent was trimethylsilyl, but stronger when
the substituent was an alkyl chain longer than butyl.20 If PL
originates from stilbene units that are influenced by the
main-chain conjugation environment, the introduction of dif-
ferent substituents should not only change the PL intensity
but also the PL spectra, contrary to the experimental results.
That is, even in PDPA derivatives with substituents of a
much longer conjugation than stilbene, the PL spectra did
not appreciably change. Due to a steric effect induced by the
large size of side chains ~phenyl rings and/or substituent
groups!, the phenyl rings may not be coplanar with the main
chain so that the main-chain conjugation may be separated
from the phenyl ring conjugation.
The introduction of side chains could induce several ef-
fects such as interchain separation and main-chain bond
twisting, which can confine excitons in the main-chain seg-
ments. It could also introduce conformational defects on the
main chain, which might quench the PL. Different side-chain
molecules could induce such effects with different strengths,
resulting in a difference in PL intensity. From the results of
PL quantum efficiency measurements, it was found that the
PL quantum yield of PDPA-nBu is about 45% whereas the
PL quantum yield of PPA-oSiMe3 is less than 1%. The PL
quantum yield of PAPA is inferred to be higher than that of
PDPA-nBu because PAPA exhibits stronger PL. These facts
are also consistent with the interpretation that the observed
PL is originated from the conjugated main chain but not
from stilbene moieties, because if PL is originated from stil-
bene the PL quantum efficiency of PDPA-nBu that contains
stilbene units should be higher than that of PAPA that con-
tains asymmetric side-chain pairs, contrary to the observa-
tion.
For further clarification, we measured the PL spectra of a
stretched PDPA-nBu film. The PL optically polarized paral-
lel to the stretching direction was stronger than PL polarized
perpendicular to it. The anisotropy in PL indicates that PL
preferentially occurs parallel to the main chain, suggesting
that PL originates from the main-chain segments.
Here, as a representative of disubstituted polyacetylenes
for the time-resolved PL study, pure PDPA-nBu and its
blend with PPA-oSiMe3 were studied. Figure 3 shows the
PL decay of a pure PDPA-nBu film observed at three differ-
ent PL wavelengths of 475, 550, and 625 nm within a time
window of 5 ns. The duration of the excitation laser pulse of
about 80 fs is considerably short compared to the time win-
dow of observation; therefore, the observed decay curve is
due to PL decay without convolution of the laser pulse. The
PL decay at the wavelength of 625 nm can be well approxi-
mated by single-exponential decay:
I~ t !5I0 exp~2t/t!, ~1!
where I(t) is the PL intensity at time t, I0 is the initial
intensity, and t is the lifetime constant, which is evaluated tobe about 2.74 ns. In contrast, the PL decay at shorter wave-
lengths is faster, and is better approximated by a double-
exponential decay:
I~ t !5I0f exp~2t/t f!1I0s exp~2t/ts!, ~2!
where the decay components t f and ts are 0.37 ns and 2.84
ns for the PL decay at 550 nm, and decrease to 0.1 ns and 1.2
ns, respectively, for emission at 475 nm.
Time-resolved PL spectra observed at different time be-
tween 0 ns and 3 ns after photoexcitation are shown in Fig.
4. A dynamic Stokes shift can be seen in these spectra, that
is, the spectra are largely redshifted by about 20 nm ~or
about 0.1 eV in photon energy! in less than 1 ns after pho-
toexcitation, but the Stokes shift becomes much smaller at
longer than 1 ns. The observed PL spectra show a broad
spectral shape of a single peak, which can be fitted by a
single Gaussian spectral shape as a function of photon en-
ergy, but the PL spectrum observed within 0.5 ns after pho-
toexcitation shows a small bump at short wavelengths, for
example, around 475 nm at 0.1 ns. This bump may be related
to polymer chains having short effective conjugation lengths
that exist due to an inhomogenous distribution of polymer
chains with different effective average conjugation lengths.
This result may be consistent with the reported observation
of the sideband for both C-C single- and double-stretching
FIG. 3. The PL decay of PDPA-nBu film observed at different
PL wavelengths of 475, 550, and 625 nm.
FIG. 4. The time-resolved PL spectra of PDPA-nBu film ob-
served at different time, that is, 0.1, 0.5, 1, and 3 ns, after photoex-
citation.
10 170 PRB 61RAHMAT HIDAYAT et al.peaks in the resonant Raman spectra of trans-polyacetylene,
which is attributed to bimodal distribution of short and long
segments.25
The observed PL dynamics of pure PDPA-nBu can be
interpreted as follows. Upon photoexcitation, the 1 1Bu exci-
ton is formed as a direct product of the intrachain excitation.
This exciton may relax to a lower energy through lattice/
vibrational relaxation by the multiphonon process and then
recombine radiatively as PL. This exciton can also be called
a self-trapped ~polaron! exciton, because a stabilized exciton
of lower energy on a main chain cannot be easily transported
to neighboring chains. The relaxation energy of about 0.4
eV, which corresponds to a large Stokes shift, in PL of
PDPA-nBu is much larger than that of other conjugated
polymers. This observation indicates that excitons in this
polymer are strongly coupled to lattice/vibrational relaxation.
The PL spectrum observed at 0.1 ns shows a broader
spectrum extending to shorter wavelengths compared with
that observed at longer times. This may be interpreted ac-
cording to the one-dimensional model of excitons diffusion
among randomly distributed recombination centers.26 The
portion of the spectrum at short wavelengths decay faster
than that at longer wavelengths, since at short time after
photoexcitation, the excitons in the short segments do not
have to diffuse as far to reach recombination centers. How-
ever, at longer time, the survival excitons in the short seg-
ments may also relax to lower energy through migration to
longer conjugation segments. These processes result in sup-
pression of PL at short wavelengths as observed in PL spec-
trum at 3 ns in comparison with the spectrum at 0.1 ns in Fig.
4. This can be clearly seen in Fig. 3 as the short non-single-
exponential PL decay observed in the short-wavelength
range centered at 475 nm. The PL decay at long wavelength
~625 nm!, however, shows a slow single-exponential decay
because the exciton migration to longer conjugation length
segment no longer occurs.
In general, the exciton migration may occur by exciton
hopping from one segment to another segment either on the
same chain or on neighboring chains, or through nonexci-
tonic processes such as long-range dipole-dipole interactions
~Fo¨rster type of excitation energy transfer! or electron ex-
change interactions ~Dexter mechanism!. The redshift of PL
spectra with time has also been observed in other polymers
such as PPV and its derivatives,27 as well as in ladder-type
poly~para-phenylene! ~LPPP!.28 In the case of PPV and its
derivatives, the redshift has been explained by the exciton
migration from short conjugation segment to the longer one,
resulting in a fast non-single-exponential PL decay at short
wavelengths, but a slow single-exponential decay at longer
wavelengths because the excitons in a long conjugation seg-
ments cannot be transferred further. On the other hand, in
LPPP, the redshift was explained by the transfer of excitation
energy between two different emitting species, that is, from
singlet exciton states to aggregate states.
It is well known, however, that in the polymers mentioned
above the PL spectra are significantly different in solid film
and solution.29,30 In contrast, we did not observe any large
difference in PL spectra of PDPA derivatives in film and
solution. The steady-state and time-resolved PL spectra of
PDPA-nBu films resemble to those of PDPA-nBu in chloro-
form solution, indicating a weak interchain interaction.Therefore, the possibility of PL redshift due to interchain
specieses or aggregation could be excluded in PDPA-nBu
film. Since PDPA-nBu can be considered to have weak in-
terchain interactions and strong exciton confinement on the
main-chain segments, we suggests that exciton migration
through long-range interactions such as dipole-dipole inter-
actions ~Fo¨rster mechanism! is more probable than other
mechanisms.
In contrast to the case of the PDPA-nBu solid film, PL
decay in PDPA-nBu solution is almost independent of emis-
sion wavelength, that is, it is a single-exponential decay with
a lifetime constant of about 0.9 ns. The redshift in time-
resolved PL spectra is not so obvious in solution. These dif-
ferences between PL in the thin film and solution could be
explained by the faster molecular relaxation process on a
single chain in solution rather than in solid film. However,
similar PL decay characteristics to that observed in solution
were also observed in the solid film of the
PDPA-nBu/polystyrene blend, implying that the PL decay
characteristics in solution and polymer blend should be origi-
nated from excitons confined in single chains. That is, be-
cause of the large distance of interchain separation, inter-
chain exciton migration becomes improbable.
Exciton migration from the short conjugation segments to
the long conjugation segments can take place up to a few
hundred picoseconds after photoexcitation, as indicated in
the inset of Fig. 3. That is, as shown in this figure, PL inten-
sity at the wavelength of 625 nm increases slightly up to 100
ps after the excitation and then slowly decreases. Curve fit-
ting of the experimental results in Fig. 3 with Eq. ~2! indi-
cates that the lifetimes of the slow PL decay component (ts)
at wavelengths of 550 nm and 625 nm are almost the same,
about 2.8 ns, but ts at the wavelength of 475 nm is shorter
~about 1.2 ns!. The lifetime of the fast PL decay component
(t f) at 475 nm is also shorter than that at 550 nm, that is,
about 0.37 ns at 550 nm but 0.1 ns at 475 nm. This indicates
that the decay dynamics of excitons in the short segments is
faster than in the long segments and should be determined by
the competitive process between radiative recombination and
exciton migration to long conjugation segments.
In order to study further the exciton dynamics in this
polymer, we studied the polymer blend of highly lumines-
cent PDPA-nBu and poorly luminescent PPA-oSiMe3. Fig-
ures 5~a!, 5~b! and 5~c! show normalized PL decay of the
PDPA-nBu/PPA-oSiMe3 blend films with various molar ra-
tios observed at PL wavelengths of 475, 550, and 625 nm,
respectively. Figure 6 shows the corresponding time-
resolved PL spectra of these blend films with various molar
ratios observed until 0.2 ns after photoexcitation. The PL
spectra indicate that PL originates only from PDPA-nBu
without any contribution from PPA-oSiMe3. The PL decay
in Fig. 5 indicates that the PL lifetime is drastically short-
ened by mixing PPA-oSiMe3 in PDPA-nBu.
For all molar ratios of the PDPA-nBu/PPA-oSiMe3 poly-
mer blends the PL decay at the wavelength of 625 nm can be
approximated by a single-exponential decay function but
cannot for the PL decay at shorter wavelengths, which
should be related to the PL dynamics of PDPA-nBu itself.
That is, the PL decay at shorter wavelengths must be fitted
by a double-exponential function, as we did for PL decay of
pure PDPA-nBu. The lifetime of PL decay at the wavelength
PRB 61 10 171TIME-RESOLVED STUDY OF LUMINESCENCE IN . . .of 625 nm rapidly decreases with increase of the molar ratio
of PPA-oSiMe3, as shown in Fig. 7. This result suggests
exciton migration from PDPA-nBu with a large band gap to
PPA-oSiMe3 with a small band gap, which may occur
through Fo¨rster excitation energy transfer,31 by considering
the exciton dynamics in pure PDPA-nBu. However, further
experiments are required for clarification of the process. The
spectral overlap between the PL spectrum of a donor mol-
ecule and absorption spectrum of an acceptor molecule re-
quired for Fo¨rster energy transfer is fulfilled since the PL of
PDPA-nBu ~peak at 2.3 eV! is higher in energy than the
energy gap of PPA-oSiMe3 ~1.9 eV!, as shown in Fig. 2. The
FIG. 5. The PL decay of PDPA-nBu/PPA-oSiMe3 blends de-
pendent on molar ratio observed at different PL wavelengths of ~a!
475 nm, ~b! 550 nm, and ~c! 625 nm.
FIG. 6. The time-resolved PL spectra of PDPA-nBu/
PPA-oSiMe3 blends dependent on molar ratio observed at 0.1 ns
after photoexcitation.occurrence of excitation energy transfer in conjugated poly-
mer blends has recently been reported such as in a blend of
PPPV @poly~phenylphenylenevinylene!# with dye
molecules32,33 and also in a blend of LPPP and
poly~perylene-co-diethynylbenzene! ~PPDB!.34,35 The obser-
vation of PL quenching in PDPA-nBu due to Fo¨rster energy
transfer to PPA-oSiMe3 may support the interpretation that
PL is originated from excitons, but not from recombination
of separated free charge carriers or polarons.
In general, Fo¨rster type of excitation energy transfer be-
tween two molecules may occur through dipole-dipole reso-
nance when both molecules have an allowed dipole transi-
tion and through dipole-quadrapole resonance when one of
the molecules has a forbidden dipole transition, with transfer
rates proportional to R26 for dipole-dipole resonance and
R28 for dipole-quadrapole resonance (R is the distance be-
tween the molecules!. Therefore, this process may lead
PPA-oSiMe3 to either 1 1Bu or 2 1Ag excited states. In both
cases, the excited PPA-oSiMe3 may relax nonradiatively to
the ground state because its 2 1Ag excited state lies below the
1 1Bu excited state in energy.13,14 However, it is also possible
that the 2 1Ag excited state relaxes into soliton pairs in a very
short time. Interpretation in terms of the nonradiative decay
of excitons in PPA-oSiMe3 with phonon emission in a few
picoseconds is consistent with the results in a recent report of
redshift of the optical absorption spectrum in the time-
resolved photomodulation measurements.36
As shown in Fig. 6, the PL peak in the 50%:50% polymer
blend weakly appears at shorter wavelengths in comparison
with that in the pristine PDPA-nBu sample. This could indi-
cate that in the 50%:50% polymer blend each PDPA-nBu
chain may be surrounded by PPA-oSiMe3 chains. In such
environment, PDPA-nBu chains may have a little different
molecular conformation, leading to a shorter effective aver-
age conjugation length and modification of the energy of the
self-trapped ~polaron! exciton in PDPA-nBu to slightly
higher energy. That is, in the polymer blend of
PDPA-nBu:PPA-oSiMe3580%:20% there still exist some
PDPA-nBu chains that are free from the influence of
PPA-oSiMe3, but in the 50%:50% polymer blend most
PDPA-nBu chains have nearby PPA-oSiMe3 chains, result-
ing in the shift of PL spectra to shorter wavelengths.
FIG. 7. The decreasing of PL lifetime at PL wavelength of 625
nm in polymer blend PDPA-nBu/PPA-oSiMe3 with increasing mo-
lar ratio of PPA-oSiMe3.
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wavelengths in the 50%:50% polymer blend than in the pris-
tine sample could also be explained by considering the com-
petitive processes between the exciton migration in
PDPA-nBu chain segments with different conjugation
lengths and exciton migration from PDPA-nBu to
PPA-oSiMe3. That is, in the presence of PPA-oSiMe3, exci-
tons in short conjugation segments of PDPA-nBu may more
easily migrate to PPA-oSiMe3 rather than migrate to other
PDPA-nBu segments with longer conjugation. Therefore,
with increasing molar ratio of PPA-oSiMe3, the redshift of
PL spectra due to exciton migration in PDPA-nBu is no
longer observed. Instead, the appearance of PL spectra peak-
ing at shorter wavelength was observed due to the surviving
excitons in short conjugation segments. This may be consis-
tent with the fact that excited PDPA-nBu are in a good reso-
nance condition with PPA-oSiMe3, which can be seen from
the spectral overlap of PL of PDPA-nBu and absorption of
PPA-oSiMe3 in Fig. 2, but the resonance might be better at
longer wavelengths. It should also be noted that even at 0.1
ns after photoexcitation the PL spectrum of the blend with
PPA-oSiMe3 of 50% is narrower than that of the pure-
PDPA-nBu. This may suggest that the exciton migration
from PDPA-nBu to PPA-oSiMe3 takes place in less than 0.1
ns. This suggestion may be plausible, since for comparison,
the charge transfer in blends of poly~3-octylthiophene!
(P3OT)/C60 occurs within less than 1 ps, resulting in PL
quenching and photoinduced charge transfer.37
The exciton migration discussed here may explain the ob-
servation of the drastic PL spectral shift to green lumines-
cence upon mixing a small amount of PDPA-nBu with the
blue luminescent PAPA and the observation of stronger elec-
troluminescence originating from PPA-oSiMe3 in the poly-
mer blend of PDPA-nBu/PPA-oSiMe3 than in pure
PPA-oSiMe3.38,21IV. SUMMARY
We have observed different PL decay characteristics de-
pending on the wavelength of the emission and the dynamic
Stokes shift of time-resolved PL spectra in pure-PDPA-nBu
film. The PL is interpreted to originate from the radiative
decay of self-trapped ~polaron! excitons, that is, photogener-
ated 1 1Bu excitons, which are stabilized to a lower energy
by lattice/vibrational relaxation, as indicated by a large
Stokes shift of the PL spectrum. The photoexcitation of short
conjugation segments results in radiative recombination of
excitons in competition with exciton migration to longer
conjugation segments, resulting in fast decay of short-
wavelength PL and redshift of time-resolved PL spectra with
time.
In the polymer blends of PDPA-nBu/PPA-oSiMe3, the
time-resolved PL spectra show that PL originates only from
PDPA-nBu for all molar ratios, but the lifetime drastically
decreases upon mixing PDPA-nBu with a small amount of
PPA-oSiMe3. With increasing molar ratio of PPA-oSiMe3,
the long-wavelength PL was more weakened than the short-
wavelength PL, and the decrease of lifetime is more marked
in the long-wavelength PL than the short-wavelength PL.
The result could be interpreted in terms of exciton migration,
which may occur through Fo¨rster energy transfer, from
PDPA-nBu to PPA-oSiMe3 with a much faster rate than
exciton migration to longer conjugation segments of
PDPA-nBu. However, it should also be noted that our
present results cannot completely exclude the possibility of
the charge-transfer process, that is, both energy transfer and
charge transfer might be possible.
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